In the present work, electroencephalographic recordings of healthy human participants were performed to study the entrainment of brainwaves using a variety of stimulus. First, periodic entrainment of the brainwaves was studied using two different stimuli in the form of periodic auditory and visual signals. The entrainment with the periodic visual stimulation was consistently observed,
whereas the auditory entrainment was inconclusive. Hence, a photic (Visual) stimulus, where two frequencies were presented to the subject simultaneously was used to further explore the bifrequency entrainment of human brainwaves. Subsequently, the evolution of brainwaves as a result of an aperiodic stimulation was explored, wherein an entrainment to the predetermined aperiodic pattern was observed. These results suggest that aperiodic entrainment could be used as a tool for guided modification of brainwaves. This could find possible applications in processes such as epilepsy suppression and biofeedback.
PACS numbers: 05.45.-a, 87. 19.le Entrainment is the process of adjusting the rhythms of a system to that of an external system. This is observed in a wide variety of natural as well as laboratory systems [1] [2] [3] [4] [5] [6] . In mammals, entrainment of the circadian rhythms as a function of various factors such as illumination, body temperature, social cues and food availability is well studied in literature [3] [4] [5] [6] . Another interesting observation in this field is the phenomenon of brainwave entrainment. This phenomenon leads back to the initial experiments done to study the brain dynamics [7, 8] , wherein flickering lights at different frequencies were used to study the entrainment in human as well as animal subjects. A recent interest has emerged in the entrainment of brainwaves using a variety of stimulation such as, audiovisual stimulation (AVS) or transcranial alternating current stimulation and its possible applications [9] [10] [11] [12] . Research has also been carried out to study the effects of individual auditory [13] [14] [15] and photic [16] entrainment of the brainwaves. Noise along with a subthreshold photic stimulus has previously been shown to enhance the periodicity in brainwaves via stochastic resonance [16, 19] .
However, there have been contradicting reports regarding the effects of audio stimulation on the brainwave entrainment [14, 15] . The audio stimulation is conventionally given in the form of binaural beats [11] [12] [13] [14] 17] or repeating drum sounds [15] . Similarly, the photic entrainment is studied using both colored [11, 12] and white light [16] LEDs flickering at a desired frequency. In the present work, entrainment is studied using white light LEDs to avoid the psychological effects of the coloured light [18] , if any. Also, the auditory counterpart of white light i.e. white sound was switched on and off periodically to explore the auditory entrainment of brainwaves. The next step after studying single frequency entrainment would be bifrequency entrainment, wherein two rhythmic photic stimuli are presented to the subject simultaneously. Recently, in synthetic gene oscillators, entrainment was studied using aperiodic signals [20] . Another interesting extension to be explored in this direction would be an aperiodic entrainment of human brainwaves. We have studied the effects of an aperiodic photic stimulation on the electrical activity of the brain. The organization of this paper is as follows. In part I, the protocol employed for the experiments is described. In part II, results for the periodic photic stimulation are presented. Bifrequency and aperiodic entrainment are reported in part III and IV respectively. A discussion on the results follows in part V.
I. EXPERIMENTAL PROTOCOL
The experiments were performed on five healthy adults The PSD was then modified as follows:
C k is a measure of correlation between the STFT of the brainwaves and the light signal. It is defined as follows:
First 400 s of the data was used for calculating the information transfer in the fundamental frequency range (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . For this analysis, f i and t i increase in steps of 1 Hz and 1 s respectively. The normalizing constant N k denotes the number of non zero data points in the brain data for the corresponding part of the experiment.
In Figure 9 , an increment/decrement in C k as a function of stimulus status On/Off can be observed. 
